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ABSTRACT
The nature of the Type Ia supernovae (SNIa) progenitors remains still uncertain. This is
a major issue for galaxy evolution models since both chemical and energetic feedback play a
major role in the gas dynamics, star formation and therefore in the overall stellar evolution.
The progenitor models for the SNIa available in the literature propose different distributions for
regulating the explosion times of these events. These functions are known as the Delay Time
Distributions (DTDs). This work is the first one in a series of papers aiming at studying five
different DTDs for SNIa. Here, we implement and analyse the Single Degenerate scenario (SD)
in galaxies dominated by a rapid quenching of the star formation, displaying the majority of the
stars concentrated in the bulge component. We find a good fit to both the present observed
SNIa rates in spheroidal dominated galaxies, and to the [O/Fe] ratios shown by the bulge of the
Milky Way. Additionally, the SD scenario is found to reproduce a correlation between the specific
SNIa rate and the specific star formation rate, which closely resembles the observational trend,
at variance with previous works. Our results suggest that SNIa observations in galaxies with very
low and very high specific star formation rates can help to impose more stringent constraints on
the DTDs and therefore on SNIa progenitors.
Subject headings: galaxies: general– galaxies: abundances – galaxies: evolution – Galaxy:bulge–methods:
numerical–hydrodynamics
1. Introduction
Galaxy formation represents a multi-scale
highly non-linear process. The modeling of the
observed galaxy populations with a self-consistent
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model – from the initial conditions left behind the
Big Bang–, requires knowledge of the co-evolution
of all the components of the Universe. According
to the Λ-Cold Dark Matter (ΛCDM) paradigm,
baryons condensate onto the dark matter haloes,
which constitute the sites of galaxy formation.
The theories of galaxy formation aim at under-
standing at the same time the large scale growth
of the structure and small-scales processes such
as the star formation from molecular clouds, for
example. This is a challenging task which can be
tackled by using semi-analytical or fully cosmo-
logical models. Both, resort to recipes or sub-grid
modeling to include complex physical processes
which cannot be numerically resolved. Hence,
is of utmost importance to confront the model
results with observations to learn about galaxy
formation and to test the validity of the adopted
hypotheses.
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Galaxy chemical evolution models provides
us with a powerful tool to understand the way
in which galaxies formed and evolved (Tinsley
1979; Matteucci & Greggio 1986; Matteucci 1994).
Since the information given by chemical abun-
dances is the result of the nucleosynthesis pro-
duction of the stellar populations and large scale
physics involved in the galaxy formation, chemi-
cal patterns can provide stringent constraints for
galaxy formation models.
The treatment of chemical evolution with the
inclusion of different models for Type Ia super-
novae (SNeIa) opened the route to study galaxy
formation by probing links between chemical
patterns and relevant physical processes. These
efforts are usually attempted with a variety of
numerical techniques, such as multi-zone chemical
evolution models (e.g. Matteucci & Greggio
1986; Bravo et al. 1993; Chiappini et al. 2001;
Pipino & Matteucci 2004), semi-analytic models
of galaxy formation (e.g. Calura & Menci
2009; Arrigoni et al. 2010; Jime´nez et al.
2011; Yates et al. 2013; De Lucia et al. 2014;
Gargiulo et al. 2015), and cosmological hy-
drodynamical simulations (e.g. Raiteri et al.
1996; Carraro et al. 1998; Mosconi et al. 2001;
Tornatore et al. 2004; Nakasato & Nomoto
2003; Kobayashi 2004; Scannapieco et al. 2005;
Nagashima et al. 2005; Wiersma et al. 2009;
Aumer et al. 2013; Few et al. 2014, to name a
few). Nowadays, sophisticated computational
tools and detailed observations of local and high
redshift galaxies enable us to improve galaxy
formation models and develop more realistic
schemes for the baryonic astrophysics.
One of the major astrophysical problems is the
uncertain identity of the SNIa progenitors. This
is a matter of concern not only in galaxy forma-
tion theory but also in modern cosmology. The
remarkable similarity shown by the light curves of
the SNIa have made them excellent cosmological
distance indicators. Hence, they are used to inves-
tigate the properties of dark energy, and to test
parameters of the cosmological model and the ac-
celeration epoch of the Universe (Perlmutter et al.
1999). However, given the still unknown nature of
the progenitor systems of SNIa, systematic errors
in the deduced distances based on calibrations of
nearby SNeIa, could have an impact in the cos-
mological parameter estimation (Pan et al. 2012;
Rest et al. 2013).
It is well known that core-collapse super-
novae (SNeII) are produced by massive short-
lived stars (M> 8 M⊙). The nucleosynthesis
production of these events feeds the interstellar
medium (ISM) with energy and, mainly, with
the so-called α-elements – O, Ne, Mg, Si, S
and Ca –. On the other hand, the SNeIa are
the main contributor of the Fe in the Universe
(Greggio & Renzini 1983; Matteucci & Greggio
1986; Cappellaro et al. 1997). This element is
usually considered to be a tracer of the metal-
licity in stars. Furthermore, the production
and distribution of the chemical elements in
the ISM affects the cooling rates of the gas
(Sutherland & Dopita 1993), the star forma-
tion processes, the subsequent stellar evolu-
tion (Pietrinferni et al. 2006), and the produc-
tion of high-redshift dust (Maiolino et al. 2004;
Bianchi & Schneider 2007). Main properties such
as the luminosity function and the mass distri-
bution of galaxies might consequently be affected
(White & Frenk 1991; Scannapieco et al. 2005).
By studying the enhancement of the α-elements
relative to Fe, we expect to learn about the Initial
Mass Function (IMF) of the stellar populations
and, very importantly, about the time-scales in
which SNeIa become relevant. The time-delay be-
tween core-collapse SNe and SNeIa injection of
chemical elements in the ISM, creates important
patterns which can be used as clocks to tag partic-
ular events in the formation histories of galaxies.
Given a starburst, SNIa events occur following
a distribution of explosion times which is known
as the Delay Time Distribution (DTD). Different
scenarios for SNIa progenitors produce different
DTDs which, in turn, create particular chemical
patterns in the stellar populations and their host
galaxies.
It has long been known (Hoyle & Fowler 1960)
that the explosion mechanisms, the chemical and
energetic composition of the remnants and the
light curves of SNeIa (with absence of He and
H) involve, at the most fundamental level, the
combustion of a degenerate stellar core. Specif-
ically, a White Dwarf (WD) star of Carbon (C)
and Oxygen (O) is lead away from the equilib-
rium, following mass accretion and successive ex-
plosion. Among the two most popular scenar-
ios for explaining SNIa based on a thermonu-
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clear explosion of a C-O WD, there is the Sin-
gle Degenerate (SD) scenario – a WD exceed-
ing the Chandrasekhar mass through accretion
from a non-degenerate companion star– where
the mass accretion can assume many configura-
tions. The secondary star is proposed to be
a Main Sequence star, a subgiant star, a he-
lium star or red giant star (Whelan & Iben 1973;
Iben & Tutukov 1984; van den Heuvel et al. 1992;
Hachisu et al. 1996, 1999; Han & Podsiadlowski
2004; Geier et al. 2013). In addition to the va-
riety of possible secondary stars, some models in-
clude other effects such as the metallicity depen-
dence proposed by Kobayashi et al. (1998). The
authors found that when the metallicity is lower
than [Fe/H]< −1, the winds developed by the pri-
mary star (WD) accreting mass through the Roche
lobe are too weak and the explosion cannot occur.
The second most popular scenario involving a
thermonuclear explosion of a C-O WD is the Dou-
ble Degenerate (DD) scenario – two WDs that
loose angular momentum and energy by emitting
gravitational waves and eventually merge. If the
exceed the Chandrasekhar mass they ignite as
SNIa (Iben & Tutukov 1984).
Other suggested theoretical scenarios include
the “Collisional Scenario” where the head-on col-
lisions of two WDs occurs instead of the spiralling
due to loss of gravitational wave radiation. These
collisions of two WDs of sufficiently large masses
are predicted in dense environments such as glob-
ular clusters, and could explain supernovae occur-
ring in the nuclei of galaxies (Lore´n-Aguilar et al.
2010). On the other hand, the “Core-Degenerate
(CD) scenario”, where a WD merges with the core
of an asymptotic giant branch (AGB) star and
forms a rapidly rotating WD. This new configu-
ration has a mass close to and above the criti-
cal mass for explosion, and was used recently as
the best scenario to explain the observed proper-
ties of SN 2011fe (Soker et al. 2013). Addition-
ally, the “Double Detonation” mechanism pro-
pose a sub-Chandrasekhar WD accumulating a
layer of helium-rich material on the surface suf-
ficiently massive and degenerate to cause a det-
onation (Shen et al. 2013). Finally, another type
of Core-Degenerate scenario considered is the “su-
per Chandrasekhar scenario”. These models pro-
pose a Chandrasekhar or a super-Chandrasekhar
mass WD formed in the planetary nebula phase
(or at the end of the common envelope phase),
from a merger of a WD companion with the hot
core of a massive asymptotic giant branch (AGB)
star (Tsebrenko & Soker 2013). However, a com-
mon characteristic of all these scenarios is that
similar nucleosynthesis processes occur during the
explosion creating mainly Fe. For a recent review
on the SNIa progenitors see Maoz et al. (2013).
Lately, many empirical DTDs have been pro-
posed. The Bimodal model by Mannucci et al.
(2006) considers a DTD with two populations
of progenitors of SNIa, one dominated by the
“prompt” component that explodes within 100
Myrs after the formation of their progenitors, and
the “tardy” component exploding on a wide pe-
riod of time extending up to 10 Gyr . The shape
of the bimodal distribution is given by the sum of
two functions: a Gaussian centered at 5× 107yrs,
and an exponentially declining plateau function.
Moreover, similar power law DTDs (∼t−1) have
been recovered from different observational sur-
veys. For instance, Totani et al. (2008) using
field elliptical galaxies proposed such a power
law. Maoz et al. (2012) also suggested a very
similar DTD based on a sample of 132 SNeIa
from the Sloan Digital Sky Survey II. Finally,
Pritchet et al. (2008) presented a power law DTD
(∼t−0.5) from the SuperNova Legacy Survey.
The DTD represents a powerful tool, not only
for testing models and helping to constraint the
progenitor SNIa scenarios, but also for obtaining
an accurate description of the chemical and ener-
getic feedback from SNIa. The aim of our work is
to test which is the best scenario for SNIa in the
framework of cosmological simulations. In partic-
ular, we will include and analyse in detail, for the
first time to our knowledge, five different DTDs for
SNIa in a smooth particle hydrodynamical code.
Our results will be presented in a series of three
papers.
In this first paper we will discuss in detail the
SD model and compare our results, obtained for a
bulge-type galaxy, with the chemical abundances
and SNIa rates for this kind of galaxy. In partic-
ular, we will compare our results with the abun-
dance data for the Milky Way bulge. We study
global properties such as the correlation found by
Sullivan et al. (2006) between the specific star for-
mation rate (SSFR) and the specific SNIa rate
(SSNIaR). The reason for starting with this par-
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ticular scenario is that it has been suggested as one
the best models to reproduce the chemical prop-
erties of galaxies (Matteucci et al. 2006, 2009).
This paper is organized as follows: Section 2
describes the analytic DTD for the SD scenario.
Section 3 briefly describes the main aspects of the
numerical code and presents the initial conditions.
In the following Subsections we present the imple-
mentation of DTD in the code. In Section 4 we
show the calibration of the model with the observ-
ables. In Section 5 we study the observed correla-
tion found by Sullivan et al. (2006), between the
specific SNIa rates and the specific SFR for the SD
scenario. The main conclusions are summarized in
Section 6.
2. The Single Degenerate scenario
In the SD proposed by Whelan & Iben (1973),
SNIa originate from a binary system with one
C-O WD and a red (super) giant star. The
WD accretes mass from the red giant through
the Roche lobe, and an explosive nucleosynthe-
sis process occurs when the WD reaches the
Chandrasekhar mass. Calculations of the SNIa
rates were performed on the basis of this model
(Greggio & Renzini 1983; Matteucci & Greggio
1986; Tornambe & Matteucci 1987; Matteucci et al.
2009) for both our Galaxy and for elliptical galax-
ies.
To calculate the SNIa rates in the framework
of the SD scenario is necessary to know the range
of lifetimes from the stars belonging to the ex-
ploding binary systems. One way to do this is to
evaluate the minimum and maximum masses al-
lowed for these systems, taking into account the
fact that Type Ia SNe occur in all galaxies, in-
cluding ellipticals which do not show any active
star formation. In this work we adopt the model of
Greggio & Renzini (1983, from now GR83), where
the lifetimes of the stars exploding as SNIa are
comprised in the mass range of 0.8− 8M⊙. Then,
according to this mass range, after a starburst the
first systems to explode as a SNIa (e.g. 8+8M⊙
systems) will require no more than ∼ 3− 4 × 107
yrs. And this is the most massive system possible
with a total mass of 16M⊙. On the other hand,
the minimum mass possible for a binary system
giving rise to a SN Ia explosion is estimated to
be 3.0M⊙ (see GR83). This total minimum mass
Fig. 1.— (Upper panel) The full DTD for the
SD scenario given by Matteucci & Recchi (2001)
and the DTD parametrized with 20 bins to reduce
the computational costs (for more details, see the
text). (Lower panel) Distribution of [Fe/H] ratios
for the stars in the simulation, presented as an
example of the relevant quantities of this study
not being affected by the adopted number of bins
used in the parametrization of the SD.4
will ensure that the system can contain a white
dwarf and a companion massive enough to allow
the white dwarf to reach the Chandrasekhar mass
after accretion.
For the calculation of the SNIa rates we follow the
formulation of Matteucci & Recchi (2001, from
now, MR01):
RIa(t) = A
∫ MB,sup
MB,inf
φ(MB)
∫ µmax
µmin
f(µ)ψ(t−τM2)dµ dMB.
(1)
here MB = M1 +M2 is the total mass of the bi-
nary system (where M1 is the primary and M2
the secondary). In the limits of the integral we
use the minimum and maximum total masses for
the binary systems (MB,inf and MB,sup) described
above. For more details see GR83 and MR01.
The only free parameter of this formulation is
A, representing the fraction of binary systems able
to produce SNeIa in the mass range 3-16M⊙. This
parameter is generally fixed by reproducing the
present time observed SNIa rate of the type of
galaxy under study.
In Equation 1, the function ψ(t) represents the
SFR. This quantity needs to be evaluated at the
time (t − τM2), where τM2 accounts for the life of
the secondary star. This constitutes the clock for
the SNIa explosion (Padovani & Matteucci 1993).
The function φ(MB) refers to the Initial Mass
Function (IMF) from Salpeter (1955), defined in
the mass interval 0.1-100 M⊙, with an index of
x = 1.35.
φ(MB) = CM
−(1+x)
B (2)
The mass fraction of the secondary star to the to-
tal mass of the system is the quantity µ =M2/MB,
and its distribution function is given by f(µ). Pre-
vious studies (Tutukov & Yungelson 1980) suggest
a value of γ=2, that we also adopt here, as previ-
ously used in the formula:
f(µ) = 21+γ(1 + γ)µγ . (3)
It is worth noting that the integral in Equation
1 when computed without the SFR, namely for
an instantaneous starburst, is the so-called Delay
Time Distribution (DTD) function (shown for the
SD in top panel of Figure 1).
This approach allows us to evaluate the Equation
1, for each stellar particle with a SF episode and
estimate the rate of SNIa.
3. The numerical code
We use an extended version of the Tree-
PM SPH code GADGET-3 (Springel 2005),
which includes metal-dependent cooling
(Sutherland & Dopita 1993), star formation,
chemical enrichment, supernova feedback (SN),
and a multiphase model for the gas component
(Scannapieco et al. 2006). In this scheme if two
gas particles have dissimilar thermodynamic
properties, they are explicitly prevented from
being neighbours in the SPH calculations (unless
they are in a shock), allowing the coexistence
of gas clouds with different thermodynamical
properties. The SN feedback scheme is coupled
adequately with the multiphase model. As a
result, the energy injection into the ISM produces
the self-regulation of the SF and the triggering of
mass-loaded galactic outflows. This SN feedback
does not introduce mass-dependent parameters as
described in detail by Scannapieco et al. (2006).
In this work, we assume the total SN energy
release in each event to be 0.7 × 1051 erg and
is equally distributed within the cold and hot
phases surrounding a stellar particle. Our SN
feedback model has already been used to study
the formation of disc galaxies in a cosmological
context (e.g. Tissera et al. 2013b,a; Artale et al.
2015).
The cold and dense gas is transformed into stars
when satisfying density and temperature criteria
according to the Kennicutt-Schmidt law (Schmidt
1959; Kennicutt 1998). We adopt a Salpeter IMF,
defined in the mass interval of 0.1-100 M⊙. SNe
type II are assumed to originate from stars more
massive than M> 8 M⊙and lifetimes of ∼ 10
6 yrs.
The SNIa prescription included in
Scannapieco et al. (2006) was originally proposed
by Mosconi et al. (2001). Regarding the SNIa
implementations, the model of Scannapieco et al.
(2006) will be referred as the “original model” to
distinguish it from the new implementations for
the SNIa (based on different DTDs), presented
in this and the following papers. In the original
model the lifetimes of the binary system that
explode as SNIa are assumed to be randomly
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distributed within a certain range given by
τSNIa = [0.1, 1] Gyr
1. This SNIa scenario, albeit
simple, has been successful at reproducing many
observational chemical patterns and trends as
shown in Tissera et al. (2012, 2013b, 2014). The
original model has the large advantage of being
computationally inexpensive while grafting the
main features of SNIa. However, there is room for
improving the SNIa modeling as explained in the
Introduction. This would be of a great importance
when large on-going or planned surveys of the our
Galaxy or nearby galaxies start to yield detailed
abundances of the stellar populations such as
APOGEE (a part of the Sloan Digital Sky Survey
III) (Anders et al. 2013), The GIRAFFE Inner
Bulge Survey (GIBS) (Zoccali et al. 2014), The
Calar Alto Legacy Integral Field Area (CALIFA)
survey (Sanchez et al. 2013), The Sydney-AAO
Multi-object Integral field spectrograph (SAMI)
(Croom et al. 2012), among others.
3.1. The simulated galaxies
We analyse the performance of the DTDs in
simulations of pre-prepared galaxies in isolated
dark matter haloes. This initial condition (IC) is
simple enough to highlight the effects of the differ-
ent DTDs without being distracted by additional
processes such as mergers and gas infall, which
complicate the picture in fully hierarchical scenar-
ios for galaxy formation. This simple approach
allows us to more easily test the influence of the
free parameter of the implemented DTDs.
The IC consists of a dark matter potential
with an initial distribution following a NFW den-
sity profile (Navarro et al. 1997), which is let to
evolve self-consistently with the baryonic compo-
nent, with a concentration of c = 9, an old stellar
bulge with a Hernquist profile and a old stellar ex-
ponential disc. The virial mass of this system is
1These limits can be varied as has been done by
Scannapieco et al. (2009) in the Aquarius simulations, for
example, thus considering a larger minimum lifetime for
the distribution of the secondary mass, compared to the
predictions of the SD scenario. This constitutes a sim-
ple approach based on the assumption that a fair fraction
of SNIa will explode during a period τSNIa = 10
8
− 109
yrs (Greggio 1996). A fixed relative ratio between SNII
and SNIa is assumed adopting an observationally motivated
value (van den Bergh 1991), which can be associated with
the free parameter A. The chemical yields in all the models
are give by the W7 model of Iwamoto et al. (1999)
M200 ∼ 10 × 10
11 M⊙, with 10% of this mass in
form of baryons. The adimensional spin parame-
ter is λ = 0.044.
Initially, the gas is distributed in the disc com-
ponent and represents ∼ 65% of the total baryonic
mass of the galaxy. Within the total disc compo-
nent, the gas represents a fraction of ∼ 90% of the
initial mass of the disc. This initial large gas frac-
tion has been chosen to mimic a galaxy in its first
stages of evolution in a simple way. At the begin-
ning of the simulations the disc component is in
equilibrium within the potential well (Q > 1) and
has a scale-length of ∼ 3.4 kpc. The gaseous disc
has a lower Q value (closer to ∼ 1) and becomes
unstable developing clumps and bar instabilities.
These two perturbations transport material into
the inner regions of the galaxy contributing to the
formation of the bulge component. In particular,
the bar drives gas inflows which trigger important
starbursts (for more details see Perez et al. 2011,
2013).
In all the simulations the initial number of bary-
onic particles is ∼ 80000 and the dark matter par-
ticles ∼ 100000. Specifically, the initial gas parti-
cle is ∼ 7 × 105 M⊙ while the dark matter par-
ticle is 9 × 106 M⊙ and the stellar mass particle,
∼ 3 × 105 M⊙. The softening length for the gas
particles is 200 pc and for the dark matter parti-
cles we adopt 450 pc. The SFR efficiency is set at
c = 0.1. We follow the evolution of the systems
until the gas to form stars is depleted and the star
formation ceases.
We decomposed the bulge and disc components
of the simulated galaxies by adopting a dynamical
criterion based on the ratio between the rotational
and dispersion velocities (e.g. Scannapieco et al.
2008). From this analysis we identify a bulge
and disc component. The bulge is formed by
a dissipative-dominated component and a central
bar. The stellar density profiles show that the
bulge is concentrated within the inner ∼ 3 kpc.
This configuration shows a ratio of B/T ∼ 0.84.
Hence, the new stars formed for which we follow
the chemical abundances are mainly part of the
bulge.
Even more, the analysis of the SFR of the bulge
shows that the stars formed during the strong star-
bursts, where the cold gas is exhausted within ∼ 1
Gyr. The new stars remain concentrated within
∼ 3 kpc. All the simulations show this strong ini-
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tial SF burst ending before ∼ 1 Gyr due to the gas
depletion into stars, and the effects of SN feedback
which ejects part of the gas (see Subsection 4.1).
The B+D stellar mass is nearly the same for all
the simulations ∼ 3.5×1010 M⊙, typical of a small
ellipticals or spiral galaxy bulges.
By comparing these SF histories with the ones
given by the model of Pipino & Matteucci (2004,
hereafter PM04), we conclude that the SF history
of the gas component resembles spheroidal-type
systems. This is consistent with the fact that the
gas becomes unstable and collapses into the cen-
tral region, feeding the strong starbursts. Most
of the new stars are centrally concentrated, con-
tributing to the formation of the bulge compo-
nent. Therefore, we compare the present day SNIa
rates with those observed in spheroidal-dominated
galaxies. The chemical patterns will be confronted
with observations of the Galactic Bulge as these
are the only observations available of individual
stars in a bulge. We do not attempt to reproduce
exactly these data since the formation history of
the Galactic Bulge seems to be more complicated
(Rojas-Arriagada et al. 2014), but to use the data
to set global constrains on the A parameter.
3.2. Implementation of the DTD
The numerical code estimates whether if a given
gas particle meets the condition to be transformed
into stars. Then, the code follows over time the
new stellar particle, representing a single stellar
population, and calculates the number of SNIa
which should be produced as a function of time,
according to the assumed DTD. The free param-
Table 1: Main characteristics of the simulated
galaxies run with the SD scenario and varying A.
The mean observed SNIa rate for spheroidal dom-
inated galaxies of stellar mass ∼ 3.5 × 1010 M⊙is
∼ 0.0017 SN per year (Li et al. 2011).
Model A <SFR> SNIa rates
[ M⊙yr
−1] [N/yr−1]
SD-1 0.0015 83 0.002
SD-2 0.00015 60 0.00006
SD-3 0.0075 84 0.0080
SD-4 0.00075 76 0.0016
original 0.0015 53 0.0027
eter A is adjusted to reproduce the present-time
observed SNIa rates. Analytical or semi-analytical
models fix the value of A requiring the galaxy to
reproduce the observed SNIa rates according to its
morphology. In a numerical simulation, A is tuned
at a particle level, so a given stellar particle does
not have any a priori knowledge of the morphol-
ogy of the galaxy it inhabits. On the contrary,
reproducing the observed SNIa rate according to
morphology should be a prediction of our mod-
els. Note that in our models, gas and star parti-
cles will evolve according to the physical laws in a
non-linear way. Hence, reproducing the observed
values is a challenge, even with a IC as simple as
the one adopted in this work.
As mentioned in the Introduction, there are
several theoretical scenarios for the DTDs. This
paper considers the SD by MR01 and leave for
Paper II the following scenarios: DD by Greggio
(2005), the Bimodal scenario by Mannucci et al.
(2006), the power laws proposed by Maoz et al.
(2012), and by Pritchet et al. (2008). The imple-
mentation of the DTDs is the same for all the mod-
els.
The drawback of including detailed descriptions
of the DTDs in the simulations is the computa-
tional cost for our particular SN feedback model.
The objective is indeed to keep the model run-
ning efficiently to allow its use in large-scale cos-
mological simulations. Therefore, solving the in-
tegrals given by Equation 1 for each particle, at
each time, is highly inefficient. This is related to
the methodology followed by SN feedback model.
In the adopted scheme, the code has to search for
the nearest hot and cold gas particle neighbours
of a given stellar particle in order to inject the
energy and chemical elements. This procedure is
very time-consuming. To alleviate this problem,
we include the DTDs in the simulations by creat-
ing tables for each DTD. We use 20 equally time-
spaced bins to parametrize the complete DTD dis-
tributions. This can be visualized in the upper
panel of Figure 1, where we show the complete
DTD for the SD scenario given by MR01 (contin-
uous line), and the re-sampling with 20 intervals
or bins (red dots). The representation of the DTD
with a this lower number of intervals reduces the
computational costs by limiting the hot and cold
neighbours searchings required to inject the SNIa
products, without losing the relevant information
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stored in the complete DTD distribution. The
SNIa rates for each stellar particle (i.e. represent-
ing a single stellar population) are estimated by
searching in the DTD table for the number of SNIa
which should be produced according to the parti-
cle stellar age and the adopted progenitor model.
Then, the total SNIa rates for the central spheroid
are calculated by adding the contributions form
each star particle identified to belong to this com-
ponent. In particular, we use the rates at the
time when the SFR is quenched to compare with
other models and observations. Thanks to this ef-
ficient implementation based on pre-prepared ta-
bles for the DTDs, the computational costs are
significantly reduced.
We study the convergence of different
parametrizations of the DTDs varying the
bins numbers used to map the DTDs. We run
the SD-1 model with [5, 10, 15, 20] number of
bins for fitting the DTD curve, finding that the
distribution of metals, the SFR, specific SFR, the
SNIa rates, and other relevant quantities for this
study do not not change significantly with the
number of bins chosen. To illustrate this fact we
show in the right panel of Figure 1, histograms of
the mass fraction of stars within a given [Fe/H],
calculated for models with different numbers of
bins. It can be seen that the differences between
the fractions of mass are negligible. Notice, for
example, that the fraction of stars with [Fe/H]> 0
vary less than 0.2% between the models.
4. Calibrating the SD scenario
Chemical evolution models calibrate the DTDs
using the free parameter A fixed a posteriori, to fit
the present day observed rate of SNIa. This pa-
rameter accounts for the fraction of binary systems
that undergo a SNIa event in a starburst once the
IMF is fixed. In the SPH simulations A is also a
free parameter but on particle basis. Thus is not
possible to know a priori in which morphological
type of galaxy a given particle inhabits, particu-
larly in a cosmological simulation. The parameter
A has to reflect the underlying physics and, at the
same time, be able to reproduce the mean observ-
able constraints.
To explore the range of A values able to repro-
duce observations, we make use of the multi-zone
chemical evolution model of PM04 for bulge-like
systems of similar mass and SF history as the SPH
galaxies. Once we find a parameter space for A, we
run the SPH simulations. The advantage of this
methodology is the small computational cost of
running the multi-zone chemical evolution model
of PM04, compared to the cost of running several
SPH simulations until selecting the proper values
for A. Caution should be taken since a change in
A might produce a non-linear response in the SPH
simulations, as the SN feedback and gas metallic-
ities will also change, modifying the cooling rates
and the availability of cold gas for subsequent star
formation activity.
Specifically, in the PM04 model a galaxy is
divided into several non-interacting shells. The
chemical evolution equations are solved in each
shell in order to reproduce the evolution of the
elemental abundances. The SFR is given by the
law ψ(t) = νρgas(t), assumed to be proportional to
the gas density ρgas, via a constant ν, represent-
ing the star formation efficiency. This quantity
in the PM04 models increases with the baryonic
galaxy mass. For the comparison with the SPH
simulations, we run the model of PM04 adopt-
ing ν = 50 Gyr−1 for a galaxy with initial mass
of 1011 M⊙and a infall time of 0.01 Gyr. Be-
cause of the stellar winds suffered through its evo-
lution, the galaxy ends up with a final mass of
∼ 4.7× 1010 M⊙. And this mass is of the order of
magnitude of the new stellar mass formed in the
SPH galaxies (∼ 3.5 × 1010 M⊙). The SFR his-
tory of the SPH galaxies and the PM04 galaxies
are very similar, showing a bursty behaviour at
the beginning with a fast quench after ∼ 1 Gyr.
These SFRs are shown in Figure 3, upper panel.
The following step is to use the SFR of the
SPH galaxy obtained running the original model
of Scannapieco et al. (2006) as an input to the
model of PM04. In this way, we obtain a pre-
diction for the rates of SNIa and SNII for the
given galaxy. By varying the value of A in the
PM04 model, we can find the adequate parame-
ter space for A. This parameter space is then the
one we adopt in the SPH simulations. As a con-
straint to our models we use the rate-size relation
of Li et al. (2011) and derive the observed SNIa
rate at the present time, following the method
shown by Valiante et al. (2009). We do this for a
galaxy with baryonic mass similar to our simulated
galaxy. Thus, for a system of ∼ 3.5 × 1010 M⊙,
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the rate predicted by Li et al. (2011) is ∼ 0.0017
SNIa per year.
We run four experiments with the
same IC and the SD model using A
= [0.0015, 0.00015, 0.0075, 0.00075] (SD-1, SD-2,
SD-3 and SD-4 models). Larger or smaller values
are strongly ruled out by the PM04 model. Table
1 summarizes their main properties, including the
predicted SNIa rates (column 4), calculated when
the SFR is quenched. It can be seen that we
obtain good agreement with SD-1 and SD-4. The
original model, with A = 0.0015, also reproduces
the observed SNIa rates.
The behaviour of the SNIa rates as a function
of time for the different models is shown in Fig-
ure 2. It becomes clear from the plot that not
only the A parameter affects the rates, but also
the lifetimes of the progenitor systems that ex-
plode as SNIa given by each model. Recall that
for the SD scenario the first systems made of two
8M⊙ stars explodes after ∼ 3 − 4 × 10
7 yrs after
the starburst. On the other hand, for the orig-
inal model the lifetimes are assumed to be ran-
domly distributed within a certain range given by
τSNIa = [0.1, 1] Gyr. Thus, the predicted rates for
the original model are delayed in time relative to
those of the SD, and lacking of the prompt SNIa
(those exploding in the first 0.1 Gyrs), as can be
seen in Figure 2. In the following section we ana-
lyze the consequences of this delay in the SFR.
4.1. Star Formation Rate
In Figure 3 (upper panel), we show the SFR
of the simulated galaxy for all the explored A val-
ues. The SFRs are estimated by using constant
time intervals along the history of the galaxies.
In all the runs, there is strong burst at the be-
ginning, followed by a decay of the SFR until the
gas is exhausted. Since the simulated galaxy is
isolated, there is no external gas reservoir to keep
feeding the SF. No meaningful differences between
the models appear until the SFR declines below
∼ 10 M⊙yr
−1. The SFR for the SD-1 model is the
first to drop to ∼ 0.01 M⊙yr
−1 after ∼ 4 × 108
yrs. The model SD-2, with the lowest A value,
is the last to exhaust the gas by forming stars
after ∼ 8 × 108 yrs. Models SD-1 and the orig-
inal share the same value of A but show different
quenching times. The latter being the one with
more extended SFR. All the simulations have their
SFR quenched before 1 Gyr, due to gas depletion
into stars and/or the effects of SN feedback, which
heats up part of it.
Alternatively, we quantify the effects of the pa-
rameter A acting on the regulation of the SF by
the estimation of the mass fraction of new-born
stars. Figure 3 (lower panel) shows clearly how
different A can regulate the SF activity according
to the total energy that SNeIa inject into the ISM.
The efficiency of the stellar production depends
on the available cold gas in galaxies, a quantity
linked to the number of SN events occurring in
the galaxy. From Figure 3 we can see that when
the value of A increases the fraction of new stars
decreases accordingly. This can be clearly appreci-
ated from the comparison between the final frac-
tions reached in SD-3 and SD-2, with the high-
est and lowest values of A, respectively. However,
the variations between models are very small (less
than 2%) indicating that, at least for this IC, the
effects on the regulation of the SF are minor, if
sensible values of A are assumed.
Comparing the original and SD-1 models we
can see that they produce the same fraction of
new-born stars, although the star formation ac-
tivity is quenched earlier in the SD-1 model. Re-
call that in the SD model the minimum lifetime
of SNIa is ∼ 3 × 107 yrs, whereas in the original
model is ∼ 1 × 108 yrs (see Figure 2). This ex-
plains the differences in the SFR quenching times
of the two models. Notice that the DTD imple-
mentation seems not to affect the efficiency of the
fraction of new-born stars formed in the galaxies
when compared to the original model. Observa-
tional evidence of the existence of prompt SNeIa
strongly argues in favour of a minimum time-scale
as long as ∼ 108 yrs (Bonaparte et al. 2013, and
references therein).
Notice that even when the SNIa can continue to
pollute the ISM with the nucleosynthesis produc-
tion after the SFR has stopped, this will not affect
the chemical abundances of the stellar populations
since no new stars will be formed from the enriched
gas. Therefore, in the following Section we anal-
yse the distribution of chemical elements at this
particular time: when the SFR is quenched. An-
alytical and multi-zone chemical evolution models
adopt a similar criterion that we also chose here
for the sake of comparison.
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4.2. The [O/Fe] vs. [Fe/H] diagram
We study here the predicted [O/Fe] vs. [Fe/H]
relation by each of the models of the SD scenario
included in the SPH simulations. It is worth re-
membering that the parameter A is tuned to re-
produce the present time observed SNIa rate. In
our case, the values of A which best reproduce
the present time rate are those of SD-1 and SD-4
models, as already shown in Section 4. Here we
test the effect of varying A, namely the fraction of
SNIa, on the predicted [O/Fe] ratios.2
We interpret the evolution of the abundance
ratios of [O/Fe] vs [Fe/H] with the help of the
time-delay model of Tinsley (1979). It is expected
that the delay in the production of Fe by SNIa
ejected into the ISM – in relation to the rapid
production of α elements by SNII – leaves a char-
acteristic signature in the [O/Fe] vs [Fe/H] dia-
gram MR01. The ejection of Fe from SNIa is reg-
ulated by the DTD. The main effect of the de-
layed Fe production in relation to the α-elements
produced by SNII, is to create an over-abundance
of α-elements. In particular, the Oxygen remains
high until SNIa becomes important and the ratio
[O/Fe] starts to decline. This point is identified by
a “knee” in [O/Fe] vs [Fe/H] diagram (see Figure
4).
Assuming that bulges and elliptical galaxies ex-
perience a strong burst of star formation lasting a
short time (less than 1 Gyr) Matteucci & Brocato
(1990a) predicted that [α/Fe] should be super-
solar for a large interval of [Fe/H]. In fact, objects
such as bulges that evolve very fast with an intense
SFH, quickly reach solar metallicity only due the
production of Fe by SNeII. When SNeIa start to
explode, the production of Fe is enhanced and a
change in the slope (the knee) in the [O/Fe] vs
[Fe/H] diagram occurs at [Fe/H] ≥ 0.
We compute the average stellar mass abun-
dance of [Fe/H] and [O/Fe] for the stars in the
bulge (see Sec. 3.1), for each of the models. The
ratios [Fe/H] and [O/Fe] are calculated by adding
the masses of the corresponding chemical elements
stored in the star particles identified to belong to
the central spheroid. We show the SD models with
2In the original and SD models the yields used for SNeII
are those metal-dependent fromWoosley & Weaver (1995).
For the production of SNIa, we assume the W7 model by
Iwamoto et al. (1999).
different values of A in Figure 4, where the differ-
ent coloured lines refer to each of the models com-
pared to Galactic Bulge stars. A sample of dwarfs
and subgiant stars from Bensby et al. (2013), and
Red Giants stars from Lecureur et al. (2007), are
considered for comparison.
Figure 4 shows the observed data points lying
in between the curves displayed by models SD-3
and SD-2, corresponding to the highest and low-
est values of A, respectively. However, model SD-2
predicts a too flat [O/Fe] ratio. This means that
the fraction of SNIa is too low. On the other hand,
model SD-3 is an extreme case where there are too
many SNeIa and it predicts, in fact, a continuous
decrease of the [O/Fe] ratio, at odds with the ob-
servations. The data are best represented by the
models SD-4 and SD-1. The former model (SD-4)
fits the zero point of the data following the ob-
served trend up to [Fe/H]∼ −0.25. Meanwhile,
SD-1 matches the slope and passes through the
data better. These models predict a long plateau
for the [O/Fe] ratio and a knee occurring at high
[Fe/H], as observations suggest. However, as can
be seen in the Figure 4, at high metallicity the
slopes of both models do not so nicely follow the
observed [O/Fe] ratios. This is perhaps a conse-
quence of yields adopted in this work. The WW95
yields do not include mass loss from massive stars,
which is particularly important for Wolf-Rayet
stars and for supersolar metallicity. Its effect is to
increase the yields of Carbon and Helium and to
depress that of Oxygen, as extensively described
in McWilliam et al. (2008). Notice that SD-1 and
SD-4 models also fit the present time SNIa rates
(see Section 4). The original model, albeit simple,
fits the data in the whole range.
From the previous analysis, we conclude that
the chemical enrichment shown by the [O/Fe] ra-
tios changes linearly with A in the SD scenario.
Therefore, it is possible to find a range of values
of A which can predict the current SNIa rates and
the expected trend for [O/Fe] ratios at the same
time. It also shows the importance of calibrating
the models using observables.
The [O/Fe] vs [Fe/H] ratios observed in the so-
lar neighbourhood had been reproduced for Milky
Way-type (MW) galaxies by several galaxy forma-
tion models (e.g. Calura et al. 2012; Yates et al.
2013; Few et al. 2014; De Lucia et al. 2014), al-
though some of them fail to reproduce the most
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enriched starts for the MW bulge, showing an off-
set with the data (see for example Figure 12 from
De Lucia et al. 2014).
The “knee” of the bulge shown in Figure 4 oc-
curs around [Fe/H]∼ −0.25, at variance from the
observed value for the disc component of the Milky
Way found at [Fe/H]∼ −1 (Franc¸ois et al. 2004).
This difference is a consequence of the strong SF
experienced by the spheroidal component, mak-
ing it evolve faster than the disc. As a result, it
reaches higher values of [Fe/H] at the time when
the SNeIa stars to become important and restore
the bulk of Fe to the ISM (a prediction from chemi-
cal evolution models Matteucci & Brocato 1990b).
Therefore, we recall the reader than the time-scale
for the SNIa reaching its maximum enrichment,
usually quoted as ∼ 1 Gyr, is not universal but
only valid for the solar neighbourhood, as can
be seen in this example and was pointed out by
MR01.
5. The correlation between the SNIa rates
and the specific SFR
Observations relating the SNIa rates of galax-
ies with the characteristics of the host galaxy such
as their morphology, colours and SFR are pow-
erful constraints to our models. Consequently,
in this Section we compare the results of the
best SD scenario with observations presented by
Sullivan et al. (2006). In that paper, the authors
found a correlation between the Specific Star For-
mation Rate (SSFR) – the SFR per unit mass
of the galaxy –, and the specific SNIa (SSNIa) –
the rate of SNIa per unit of galaxy mass – for
galaxies in the SuperNova Legacy Survey (SNLS)
galaxy sample. This correlation is based on a sam-
ple of 100 spectroscopically confirmed SNeIa, plus
24 photometrically classified events, distributed
over 0.2 < z < 0.75. The stellar masses and
SFRs for the SNIa host galaxies are estimated
by fitting their broadband spectral energy distri-
butions (SEDs) with the galaxy spectral synthe-
sis code PEGASE.2 (Fioc & Rocca-Volmerange
1997). They adopt the IMF of Kroupa (2001).
The SSFR for the sample is measured as the ratio
between the mean SF rate over the last 0.5 Gyr
and the current stellar mass of the galaxy, result-
ing from the SED fitting. They choose this interval
of time to avoid systematic errors for galaxies for
which the redshift is not known.
Furthermore, Sullivan et al. (2006) compared
the correlation with observations of a morpholog-
ically classified sample of SNeIa host galaxies in
the local universe presented by Mannucci et al.
(2005). It became clear from this comparison
that the sample of galaxies in the local universe
shares the same trend displayed by SNLS galax-
ies at higher redshift. Therefore, the SSNIaR is a
function of the host galaxy SSFR, with strongly
star-forming galaxies hosting roughly 10 times as
many SNeIa per unit mass than passive galaxies
with no star formation.
Moreover, Smith et al. (2012) obtained the
SNIa rates of galaxies with different SFR activity
located at intermediate redshift (0.05 < z < 0.25),
from a sample of 342 galaxies belonging to the
Sloan Digital Sky SuperNova Survey-II (SDSS-
II SN Survey). The authors estimated the host
stellar masses and the recent star-formation rates
using the code PEGASE.2. They confirmed the
existence of a correlation between the SSFR and
the SSNIaR. Therefore, the correlation holds for
intermediate redshifts (Sullivan et al. 2006), and
for the local Universe (Mannucci et al. 2005), indi-
cating no evolution with redshift within the range
of 0.05 < z < 0.75.
Sullivan et al. (2006) concluded that the corre-
lation is difficult to reconcile with a model for SNIa
that originates solely from an old evolved stellar
population. Instead, they proposed a scenario of
two separate components: a prompt component
with a short delay time and an old component
with a long delay time, consistent with the Bi-
modal model of Mannucci et al. (2006). Here we
explore this relation with the SD model and in Pa-
per II the analysis will be extended to the other
DTD models.
To assess if our best SD models are able to re-
produce a correlation such as the observed one,
the SSNIaR and the SSFR are estimated as the
galaxy evolves, under the hypothesis that obser-
vations might catch galaxies at different stages of
evolution (see also Figure 12 in Greggio (2010) for
a similar approach using analytical models). For
this purpose, we calculate the SSNIaR and the
SSFR of the simulated galaxies as a function of
time. This is done by using the SFR histories and
the SNIa rates of the simulated galaxies and their
corresponding stellar masses as function of time
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(e.g. Figure 3). These quantities allow us to cal-
culate the mean SSFR and SSNIaR at different
stages of the galaxy evolution. The averages over
the whole stellar population are taken at a certain
period of time, chosen to be within 0.5 Gyr, in or-
der to mimic observations. 3 Smith et al. noticed
that the zero point of the correlation is affected
by the choice of the IMF, systematic uncertainties
concerning the accuracy of the derived properties
of host galaxies and the photometric redshift es-
timates produced by PEGASE SED fitting code.
Therefore, because of all these uncertainties, we
focus on the study of the slope of this correla-
tion and prefer not use the error bars provided by
the observational works. Consequently, the simu-
lated relations are normalized by an ad hoc factor
to simplify the qualitative comparison of the ob-
served slope of the correlation.
A combination of the observed data by
Smith et al. (2012); Sullivan et al. (2006);
Mannucci et al. (2006), and the results for the
SD-1 and SD-4 models are shown in Figure 5.
Although a word of caution is necessary when
making comparison between the evolution in time
of single objects – like our simulated galaxies –
and observations referring to a mix of different
objects that might have undergone different
evolutionary histories, it is interesting that our
model including the SD scenario reproduces a
clear correlation which agrees remarkably well
with observations.
As can be seen from Figure 5, at the beginning
the simulated correlations follow a different trend,
so that the SSNIaR increases abruptly to high val-
ues of SSFR before reaching the expected observed
trend. This feature is detected for all A values in
the SD model, as can be seen in models SD-1 and
SD-4. These strong variations in the SSNIaR are
produced in a short interval of SSFR for most of
the models (8.5 <log SSFR < 7.5) and are related
to the time-delay in the SNIa explosions.
To understand the physical reasons causing the
SSFR-SSNIaR correlation, we plotted the loga-
rithm of SSFR and the SSNIaR as a function of
time for the SD-1 and SD-4 models in Figure 6.
The sharp increase of SSNIaR for high SSFR re-
3 To correct for the different IMFs used in this work
(Salpeter) and the observations (Kroupa), we adopt the
transformation suggested by Longhetti & Saracco (2009).
flects the onset of SNIa and how quickly it reaches
the maximum value. After that, both the SSNIaR
and the SSFR decrease establishing the observed
correlation. For very low SSFR, there is still a
residual SSNIaR, as the generation of these events
is delayed in time and the correlation is lost.
The particular feature seen at the beginning of
the SSFR-SSNIaR relation is not shown by the
current observational data and represents a pre-
diction from the simulations. If these early stages
could be observed, then they could be used to set
limits on the shape of the DTDs. Of course, the
system we have used to explore the effects of vary-
ing the DTDs is very simple. The SF history of
galaxies could certainly be more complicated with
several starbursts occurring during their life. The
analysis of these complex stellar populations is de-
layed to a forthcoming paper using cosmological
simulations.
6. Discussion and Conclusions
We present results from simulated galaxies per-
formed with a version of Tree-PM SPH-GADGET-3
(Springel 2005; Scannapieco et al. 2006), to study
the impact of the SNIa feedback by using different
DTDs. In this paper, we explore the SD model
of MR01 in detail. We choose the SD scenario
as a reference to discuss the implementation, the
main observables and correlations which we aim
to reproduce. The implementation of the SD sce-
nario involves the calibration of a free parameter
A which represents the fraction of binary systems
in one stellar generation giving rise to SNIa events.
Chemical evolution models generally fix A accord-
ing to the SFR and the present day SNIa rates of
the galaxy under study. However in a cosmolog-
ical simulations A acts at a particle basis. Thus,
it is assumed to be the same for all single stel-
lar populations, while the final SNIa rates or any
relation between the SNIa rates and the galaxy
properties – or the chemical abundance patterns –
should come out as a prediction of the simulations.
Therefore, it is necessary to explore a range of suit-
able A values and their impact on the properties
of galaxies, by using simple initial conditions. In
a forthcoming paper, we explore other progenitor
scenarios. The final goal is to run cosmological
simulation and analyse the chemical properties of
galaxies of different masses and assembly histo-
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ries. Adequately reproducing the SNIa feedback
as well as their effect on the chemical enrichment is
very important, as new Galactic surveys will start
yielding high precision measurements of chemical
abundances.
Our main results can be summarized as follows:
• We find that the SFR responds linearly
to the number of SNeIa in the SD sce-
nario. The SFR is found to decline faster
with increasing values of A. But the differ-
ences are small and so the final stellar mass
formed is very similar. There is a substan-
tial difference between the original model
of Scannapieco et al. (2006) and the SD
of Matteucci & Recchi (2001) implemented
and analysed here. This is related to the
adopted lifetimes for the secondary masses.
In the original model, the SNIa production
was shifted to later times, compared to the
SD scenario, beginning at ∼ 1 × 108yrs.
This excludes the so-called prompt SNeIa,
that are indeed observed. For a similar A,
the original model shows a more extended
SFR. However, both of them predict similar
final fractions of new stellar mass to total
baryonic mass.
• The SFR in the simulations is dominated by
a strong starburst consuming the cold gas
within ∼ 1 Gyr and forming stars that end
up concentrated within the bulge. Hence,
the SNIa rates are comparable to observed
ones for spheroidal galaxies. This compar-
ison with observed SNIa rates of Li et al.
(2011) shows that the best fits are ob-
tained for SD-1 and SD-4 models, adopting
A∼ 0.0015 and A∼ 0.00075, respectively.
• The [O/Fe] ratios predicted for the stars in
the bulge of the simulated galaxies are com-
pared to data from the Galactic Bulge (al-
though this comparison is just indicative).
We find that the best agreement with ob-
servations is again provided by the SD-1
and SD-4 models. These models predict a
long plateau for the [O/Fe] ratio and a knee
occurring at high [Fe/H], as observations
suggest. We note that this is the first time
that such an excellent agreement is found in
galaxy simulations.
• At variance with previous claims, we find
that the SD scenario (SD-1 and SD-4 mod-
els) reproduce the observed correlation be-
tween the SSNIaR and the SSFR, found by
Sullivan et al. (2006), if we estimate these
quantities at different evolutionary times.
This correlation comes out naturally from
the simulations. Moreover, two features
in the correlations are shown which cannot
be confronted with current observations but
could be interesting to explore in the future:
– 1) For high SSFR, as the SSNIaR starts
to appear, the SSNIaR-SSFR anti-
correlates before it turns into the ob-
served correlation. This is caused by
the large initial number of SNe Ia in
the assumed DTD. The turnover oc-
curs when the maximum in the DTD
is reached and hence, it could be inter-
esting to explore if this turn-over could
be confirmed with observations com-
ing from galaxies dominated by a very
recent starburst.
– 2) For very low SSFR, there is still a
residual SSNIaR because the majority
of these events are delayed in time, thus
the correlation disappears. The SSFR
at which this occurs could be related to
the shape of the DTD.
In a forthcoming paper, we will discuss other
DTDs implemented in the SPH simulations: the
DD scenario by Greggio (2005) and empirically
motivated DTDs such as the Bimodal scenario by
Mannucci et al. (2006), the power laws reported
by Maoz et al. (2012) and Pritchet et al. (2008).
We will explore the predicted SNIa rates and
chemical abundances, as well as the global corre-
lations which can contribute to the understanding
of SNeIa progenitors.
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Fig. 2.— SNIa rates for all the models as function
of time.
Fig. 3.— SFR history (upper panel) and mass
fraction of new born stars (lower panel) for the
SPH galaxies run with the same IC and varying
the A values.
17
Fig. 4.— [O/Fe] vs. [Fe/H] exhibited by the
bulge stars in the SPH simulated galaxies with
the SD scenario by Matteucci & Recchi (2001) and
varying A. These models are compared to ob-
servational [O/Fe] ratios for stars in the Galac-
tic Bulge by Bensby et al. (2013); Lecureur et al.
(2007). See Table 1 for details on the simulations.
Fig. 5.— Specific star formation rate (SSFR)
as a function of the SNIa rate per unit of
galaxy mass (SSNIaR) for the SD-1 and SD-
4 models (runs with A= 0.0015 and A=
0.00075). The red circles represent combined
data from Sullivan et al. (2006); Mannucci et al.
(2005); Smith et al. (2012). Notice that these
models also fit the observed [O/Fe] ratios coming
from the Galactic Bulge and the present-day SNIa
rates. The zero-point has been renormalized by an
ad hoc factor. See Section 5 for further details.
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Fig. 6.— The log(SSFR)–continuous line–and
log(SSNIaR) –dashed line–, evolving with time for
our best models within the SD scenario (SD-1 and
SD-4).
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